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Abstract 
Alloy nanoparticles are much interesting because their properties are flexible and can be very distinct with the particles of their 
constituents. Optical properties of alloy nanoparticles can differ by size effects and composition of their pure components. The 
aim of this article is studying the alloying and optical properties of Cu-Ag nanoparticles prepared via DC arc discharge in water 
with two different experimental procedures. Arc discharge was ignited between two pure silver and copper electrodes and two 
types of sample productions were held. The first one was based on using copper and silver wire with 99.99% purity as an anode 
and cathode electrodes and at the same 3 mm diameter in each part by two different 40, 50 A current. Second one was using 
reversed sited electrodes. Optical properties, size and crystal structure of nanoparticles were characterized by UV-visible 
spectroscopy, Field Emission scanning electron microscopy (FE-SEM) and X-ray diffraction (XRD) respectively. SEM images 
show the nanoparticles are spherical with the average size of lower than 30 nm for all samples. XRD results shows there are some 
displacements in Bragg diffraction angles of silver XRD peaks which is due to the positioning of Cu atoms among silver atoms 
and synthesis of Ag-Cu alloy nanoparticles. However some Ag-Cu alloy peaks were also observed. In comparison with the 
optical extinctions of pure copper and silver nanoparticles the optical extinctions of samples have the characteristic optical 
extinction of Ag-Cu alloy nanoparticles with extinction peak due to surface plasmon resonance that was observed between silver 
and copper nanoparticles extinction peaks. In addition optical properties of Ag-Cu alloy are more adjustable with arc current 
when using copper and silver wire as anode and cathode electrode respectively. The results provide a simple and flexible method 
for preparation and tuning optical properties of Ag-Cu nanoparticles. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Bimetallic nanoparticles are much interesting because their properties, such as catalytic, electronic, and optical 
are flexible and can be very distinct with the particles of their constituents because they can differ not only due to 
size effects as in pure nanoparticles but also by the composition of their pure components, Beyene et al. (2010), 
Singh et al. (2009). In the following some bimetallic alloy nanoparticles are named as Ag-Au, Ag-Ti, Pd-Pt, Au-Pd 
and Ag-Cu, Ur Rahman et al. (2012). Great difference of the lattice constants of copper and silver which are 0.409 
nm and 0.361 nm respectively results in their hard alloying possibility, Valodkar et al. (2011). Solubility of alloy 
constituents increases with decreasing particle size and this is one of the significant effects in formation of alloy 
nanoparticles, Ur Rahman et al. (2012). Among several properties of nanomaterials, optical properties which is due 
to the surface plasmon resonance, have been studied strongly, Beyene et al. (2010). Surface plasmon resonance is an 
optical phenomenon caused by the interaction of the metallic structures with the incident electromagnetic radiation at 
a resonant frequency, Alsawafta (2012). This excitation of surface plasmon by electromagnetic radiation in 
nanoscale metallic systems is mentioned as localized surface plasmon resonance, Alsawafta (2012). There are 
several parameters affect the optical absorption peaks, including type of metal, orientation of the particles, dielectric 
constants of the metal, structure of nanoparticles, the surrounding  medium, size and shape of the particles, 
composition of nanoparticles and the inter particle distance, Alsawafta (2012), Hubenthal et al. (2008), HIRAI and 
Kumar (2007). It is understood that production method effects severly on microstructure, size, morphology and 
properties of Ag-Cu alloy, Li and Chen (2002), Ghorbani et al. (2011). A lot of efforts have been held on synthesis 
of metal nanoparticles for controlling the surface plasmon resonance, Tsuruoka et al. (2013). Two types of physical 
and chemical methods can be used for synthesis of metal nanoparticles, Xie et al. (2004). Arc discharge is selected 
among these types due to special advantages in this work. Arc discharge in gas has been extensively used for 
synthesis of various nanostructures but recently liquid environment is developed, Xie et al. (2004), Tien et al. (2010). 
Preparation of nanostructures by arc discharge in liquid is inexpensive and simple that needs no vacuum equipment, 
reactive gas and heat exchanging system, Tseng et al. (2011), Tien et al. (2010). Unlike the physical methods like arc 
discharge, poisonous substances are included in chemical methods which are harmful for environment and medical 
usage, Tien et al. (2010). Present work demonstrates synthesis of Ag-Cu alloy nanoparticles by arc discharge method 
and studying the optical properties of produced samples. Arc current is selected as an effective parameter for 
controlling the size and alloying that provides a way to adjusting the optical properties of synthesized alloyed 
nanoparticles.  
2. Materials and method 
The arc discharge system composed of six main parts including glass container for fulfilling arc discharge and 
collecting nanoparticles, ultrasonic bath for better distribution of prepared nanoparticles during arc discharge, high 
current DC power supply, electrodes and electrode holders. The schematic of arc discharge system is shown in fig. 
1. As clearly seen anode and cathode are embedded as down and up electrodes respectively and electrode diameter 
is a modifying parameter. Unlike cathode which is moveable, the anode is fixed by the holder. 
 
Fig. 1. Schematic of arc discharge in liquid experimental setup. 
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Two types of sample productions were held, the first one was based on using copper and silver wire with 99.9% 
purity as an anode and cathode electrodes and at the same 3 mm diameter in each part by three different 30, 40, 50 A 
currents. Second one was using reversed sited electrodes by 40, 50 A currents. Size of the nanoparticles is controlled 
by the applied current. To study the optical properties, UV-Visible spectroscopy was applied by UV/Vis SPUV-26 
spectrometer. Size and crystal structure characterizations were obtained by field emission scanning electron 
microscope (HITACHI S-4160 scanning electron microscope) and X-ray diffraction (PANalytical X’Pert Pro with 
wavelength of 1.54 Å) respectively. 
3. Results and discussion 
The morphology of the particles is characterized by SEM which is shown in fig. 2. In all samples, nanoparticles 
are rather spherical with aspect ratio close to 1. The SEM results are in good agreement with the results of UV-Vis 
spectroscopy. Average size of nanoparticles synthesized by first type is 21 nm for both applied currents and for the 
second type is 27 and 30 nm in 40 and 50 A currents respectively. 
 
 
 
Fig. 2. FE-SEM images of Ag-Cu alloy nanoparticles synthesized in (a) 40A current, first type; (b)50A, first type; (c) 40 A current, second type; 
(d)50 A, second type. 
Figure 3a shows XRD patterns of samples synthesized by the mentioned first type of sample production. 
However the Peaks are identified as silver XRD peaks, there are some displacements in Bragg diffraction angles. 
This observation is due to the positioning of Cu atoms among silver atoms and synthesis of Ag-Cu alloy 
nanoparticles, Zongquan et al. (1994). In the next step of studying the XRD patterns in fig. 3b of samples 
synthesized by second type of sample production as anode silver, copper peaks are also recognized with shifting to 
higher angles in contrast to silver peaks. In addition to displacements of silver and copper peaks, there are some 
unidentified peaks too. These are enough symptoms for proving the production of Ag-Cu alloy nanoparticles, 
Zongquan et al. (1994). Optical absorption peak is due to localized surface plasmon resonance (LSPR) for colloidal 
metal nanoparticles. Also the alloyed Ag-Cu bimetallic nanoparticles produced by arc discharge show plasmonic 
behavior as it is depicted in Fig.4. Absorbance peaks of pure Ag and Cu nanoparticles at wavelengths of 392 nm and 
600 nm are compared with the absorbance peaks of synthesized alloyed nanoparticles. Formation of core-shell 
structures in this method is not expected due the fast condensation and non-equilibrium conditions. If the Ag and Cu 
nanoparticles were mixed physically, there would be two peaks of Ag and Cu in absorbance peaks of the 
synthesized samples in both types of sample productions in this research, there are one absorbance peaks show 
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alloyed nanoparticles, Jiang et al. (2005). Although alloy composition ratio is another important parameter affects 
the LSPR, it couldn’t be recognized in this synthesis type, Valodkar et al. (2011).   
 
 
Fig. 3. XRD pattern of produced alloyed samples by (a) first type; (b) second type.  
 
Fig. 4. UV-Vis spectrum of synthesized alloyed samples in (a) first type; (b) second type.  
Single peak around 400 nm reveals nanosize particle formation with aspect ratio very close to 1. From optical 
absorption spectrum and calculation based on Mie theory it could be concluded that the size of nanoparticles are 
between 15 to 35 nm. In Fig.4 peaks have larger width in comparison to pure Ag that demonstrates broader size 
distributions in both types. Comparison of optical absorption spectrum in Fig.4a and Fig.4b demonstrates that 
optical properties of Ag-Cu alloy are more adjustable with arc current when using copper and silver wire as anode 
and cathode electrode respectively. The results provide a simple and flexible method for preparation and tuning 
optical properties of Ag-Cu nanoparticles. The colloidal solution of Ag, Cu synthesized in 50 A and Ag-Cu alloy 
produced by two types of synthesis conditions are depicted in fig. 5. 
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Fig. 5. UV-Vis spectrum of synthesized colloidal (a) alloyed samples in first type; (b) alloyed samples in second type; (c) silver and copper 
colloids.  
4. Conclusion 
In this research Ag-Cu alloy nanoparticles synthesized by DC arc discharge method with two types of sample 
production. First type was based on using copper as anode electrode and in the second type silver was fixed as anode 
electrode. The crystal structure, morphology and optical properties of silver-copper alloy nanoparticles were 
characterized by XRD, SEM and UV/visible spectroscopy. XRD peaks shifting to lower angels and utilization of 
Bragg law in both types, further more, depiction of unknown excess peaks in just second type proved the presence 
of alloyed Ag-Cu nanoparticles in reported work. The results show optical properties of Ag-Cu alloy are more 
adjustable with arc current when using copper and silver wire as anode and cathode electrode respectively. In 
addition SEM observations were in good agreement with the results of UV-Vis spectroscopy. 
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